INTRODUCTION
Enterprise models have played a central role in the design of enterprises and the management of the business processes of enterprises. With advances in distributed information technology and the ever-changing needs of the global business environment, enterprises have been challenged to adopt agile and flexible organisation models to be able to adapt to the dynamic business environment. Enterprise modelling has become a significant part of supporting enterprises' success in such an environment.
Virtual Enterprises (VEs) is a means of meeting the new challenges. While there are several descriptions of a VE, (e.g. [2] , [6] and [16] ), the project-based view of a VE, [1] , is considered in this paper. A VE is defined as a team of partners that collaborate to achieve a specific goal.
Enterprise modelling has long been used to understand and represent traditional enterprises and their behaviours, [15] and [3] . While enterprise modelling plays a significant role in traditional enterprises, its role becomes even more important in VEs. Unlike traditional enterprises that are established and continue to exist over a long period of time, VEs are established to answer more contingent needs and can have a shorter span of life. Due to the dynamic and flexible nature of VEs, there is a greater need to build models to help understand them and their evolution. Enterprise models provide the support that is required in the design and analysis of VEs and the interactions within a VE and they are powerful tools for analysing and understanding the flexible nature of VEs.
VEs have a shorter lifespan and for them to succeed, they need to be formed as quickly as possible. The need for the rapid formation of VEs has been emphasized and support for this have been proposed by reference architectures and frameworks, an example of one is VERAM (VE Reference Architecture and Methodology). VERAM identifies modelling as one of its key components, which can be used to describe and capture a VE, [17] .
An overview of approaches and techniques for modeling a VE is provided in [7] . One of the early examples of applying enterprise modeling to describe VEs is TOVE (Toronto Ontology for VEs), [4] , where they defined a formal model to describe the goals, activities and other components of an enterprise. A goal and actor-oriented "intentional" organisation model is presented in [5] . The notion of Active Knowledge Modelling (externalisation of enterprise aspects) is used in [9] to model a VE.
In this paper, we illustrate how enterprise modelling can be used to support VEs in the various phases of their lifecycles, by presenting a case study. A commercially available enterprise modelling environment is used. The rest of this paper is organised as follows; the model of a VE and the modelling approach that is used is described in Section 2. Section 3 describes the case that will be used to illustrate how the model of the VE can be created as an enterprise model using a commercially available modelling environment. Section 4 presents the enterprise model and illustrates the advantages of having such a model.
MODELLING VIRTUAL ENTERPRISES
A VE can be described as an entity that has a goal or a set of goals that need to be achieved. An example of such a VE is a project team. The VE is formed to achieve the goals of the VE. Thus, the VE needs "partners" that need to perform some work to achieve the goals. A VE can be modelled as an entity that has a goal (and subgoals) that need to be achieved by some activity (or activities). The activities are performed by a role which is filled by a "partner" that meets certain skills requirements. A partner, in this case can be a person or an organisation. Such a model of a VE is shown in Figure 1 . The model can be described using first order logic, see [13] for details. It can also be considered as a VE ontology, such as TOVE, [4] , and the Edinburgh Enterprise Ontology, [14] .
This model describes a VE prior to its formation. The model helps identify the work that needs to be done by the VE and the types of partners that are required to perform the work. Consider a VE from a lifecycle perspective. A very simplified lifecycle of a VE can be assumed to have the main phases, design, formation and operation, see Figure 2 . The model shown in Figure 1 can be created before the VE is formed and used to support the formation phase of the VE. One of the main activities during the formation phase is the selection of partners for a VE; i.e. to match partners to the requirements for the roles. Once the VE is formed, the information about the partners that fill the roles of the VE can be modelled, thus providing information to complete the model of the VE. When information about the partners is available, additional relationships can be established in the model. For example, the model can now show the goal(s) that is/are assigned to any particular partner and the activity (or activities) that a partner is assigned to. See Figure 3. 
CASE DESCRIPTION
Each VE is represented by its goals, the activities to achieve the goals, the roles that perform the activities and the skills that are required to fill the roles. For example, the goal of one of the projects was to explore new technologies, which could be achieved by studying different technologies and by selecting one. This activity can be performed by a group of technologists that have skills in cybernetics, telecoms technology, process control and physical electronics.
MODELLING THE CASE
The projects were well-defined. Thus, Statoil was able to identify the types of skills that they required, i.e. they could identify the requirements for the roles in the VE. Although the projects were well-defined, due to the nature of the work that was required of the students, the activities and roles were defined at a high-level.
Modelling Environment
The Metis modelling environment, by Troux Technologies AS, Norway, has been used. Metis provides a graphical modelling environment with powerful visualisation and analysis capabilities. It is based on Active Knowledge Modelling, [8] . The models are created using objects to represent the entities in the example and by creating relationships among these entities. For example, the activities of a VE can be represented as process objects and related to goal objects. Additional information on Metis is available from [10] .
Model of the Virtual Enterprise
The high-level information provided by Statoil has been used in the model shown in Figure 4 . The goals of the VE are represented as goal objects, activities as processes, roles as role objects and skills that are required to fill the roles are represented as requirement objects. The relationships among these entities are the lines (or arrows) in the figure. For example, a goal is achieved by an activity, an activity is performed by a role and the role has skills requirements.
The model shown in Figure 4 represents the model of the VE during the design phase of the VE, prior to its formation. The goals, roles and the requirements for the roles are important during the formation of the VE, to select the appropriate partners for the VE and assign roles to them. This information can be extracted from the model and used during the formation of the VE. For example, the formation of the VE can be supported by a system that takes this information as input and provides a list of partners. A multi-agent system that provides such capabilities is described in [11] and [12] . The list of partners and their skills can be incorporated into the model, once this is available. Figure 5 shows how the partners of the VE can be modelled and related to the roles that they fill and the skills requirements that they meet. Once the partners for the VE have been selected and modelled, additional relationships can be established between the partner objects and the rest of the model. For example, the goals that can be assigned to the partner and the activities that the partner is assigned to. This information can be obtained by tracing the relationships between the partners and roles, roles and activities and activities and goals. 
Using the Model
The model can be used for several purposes. As described in section 4.2, it can be used to find out which goals of the VE a partner must try to achieve by performing which activities. In addition to this, the model can also provide an overview of all the partners and their skills; see Figure 6 . Similarly, the model can also be used to see the role(s) that is/are filled by a partner by meeting the requirements for the role(s); see The availability of an enterprise model makes it easier to ensure that all the roles in a VE are filled by partners; i.e. that the VE formation is completed. For example, if one role is unfilled by a partner or some skills requirements of a role are not met, it will be easy to detect this using the model.
Metis also provides capabilities to export information from the model, thus, making it possible to use information in the model in other systems within a company or use another system to perform some specialised functions using input from the model, e.g. supporting the partner selection process, [11] and [12] . 
CONCLUSION
This paper describes how enterprise modelling can be used to support VEs. A VE can be described in terms of its goals, the activities that achieve the goals, the roles that perform the activities and the skills that are required to fill the roles.
The role that an enterprise model can play in the lifecycle of a VE, in particular to support its formation, is discussed. The model provides varied support during the lifecycle of a VE. A VE can be described as an enterprise model during its design phase, which helps identify the skills requirements that must be met by the partners of the VE. This information can be used in the selection of the partners and once the partners have been selected, information about the partners can be modelled, thus providing additional information about the VE and its partners. This supports in providing a more complete description of the VE.
The model can also be used to detect if the VE formation is complete, e.g. if all the roles of the VE have been filled by partners. It can also be used to identify the goals of the VE that a partner is assigned and which activities of the VE a partner should perform. Thus, the model also provide information that can be used to support the operation phase of the lifecycle of a VE.
The model presented in this paper focuses on the aspects of a VE that are relevant during the formation phase of the lifecycle of a VE. However, during the operation phase of the lifecycle, the activities can be considered from a process modelling perspective and enhanced to incorporate information for monitoring and control of the process.
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